Migraine and its transformation to chronic migraine are healthcare burdens in need of improved treatment options. We seek to define how neural immune signaling modulates the susceptibility to migraine, modeled in vitro using spreading depression (SD), as a means to develop novel therapeutic targets for episodic and chronic migraine. SD is the likely cause of migraine aura and migraine pain. It is a paroxysmal loss of neuronal function triggered by initially increased neuronal activity, which slowly propagates within susceptible brain regions. Normal brain function is exquisitely sensitive to, and relies on, coincident low-level immune signaling. Thus, neural immune signaling likely affects electrical activity of SD, and therefore migraine. Pain perception studies of SD in whole animals are fraught with difficulties, but whole animals are well suited to examine systems biology aspects of migraine since SD activates trigeminal nociceptive pathways. However, whole animal studies alone cannot be used to decipher the cellular and neural circuit mechanisms of SD. Instead, in vitro preparations where environmental conditions can be controlled are necessary. Here, it is important to recognize limitations of acute slices and distinct advantages of hippocampal slice cultures. Acute brain slices cannot reveal subtle changes in immune signaling since preparing the slices alone triggers: pro-inflammatory changes that last days, epileptiform behavior due to high levels of oxygen tension needed to vitalize the slices, and irreversible cell injury at anoxic slice centers.
Representative Results:
Figure 1. Slice culture electrophysiological recording paradigm. Recording microelectrode is first placed in the CA3 pyramidal neuron layer and then a bipolar stimulating electrode is placed in the dentate gyrus (DG).
Figure 2. CA3 evoked field potentials and synaptically induced spreading depression. (A)
Experiments begin with determination of the current needed to maximize standard CA3 area field potential responses and then half-maximal intensity is used to elicit CA3 area evoked field potentials. This documents the normalcy of evoked synaptic responses between preparations. If a slice's field excitatory post synaptic potentials are not at least 3 mV, slices are discarded. (B) Next, trans-synaptically evoked threshold for triggering spreading depression is determined (right, slow responses) while at the same time field potentials (left, fast responses) are used to document that preparations are healthy enough to follow 10 Hz stimulation (e.g., amplitudes of vertical deviations in fast potential records are similar). Evidence shows that microglial branches extend and retract with increased synaptic activity, but long-distance motion of these cells in response to synaptic activity has not been described in uninjured brain. Our results using fluorescent isolectin B4 labeling of microglia show that a fraction of these cells move long distances under normal conditions. Furthermore, the number of these traveling microglia is significantly increased when synaptic activity is abolished by culture exposure to tetrodotoxin as shown in the accompanying image. Red lines mark paths traveled by microglia over a period of 6 hrs with blue arrows marking the origin of a few exemplary microglia. Calibration bar, 50 μm.
Figure 4. PCR screening activities. (A)
We use TRIzol along with Qiagen kits for RNA isolation since, in our hands, this results in significantly greater (P < 0.001; t-test) RNA yield from hippocampal slice cultures than use of Qiagen kits alone. (B) In addition, we periodically confirm that our RNA extraction procedures produce high quality intact RNA as determined via a gel that shows sharp RNA bands. (C) We use NormFinder software to choose a reference gene with a best stability value. For example, slice cultures exposed to lipopolyssacharide (100 ng/mL for 2 hrs) were analyzed for three reference genes (Rpl13a, β-actin, 18s). Ct values are used to calculate a stability value. Our data here [and that for other experiments using spreading depression (data not shown)] show that Rpl13a is an optimum reference gene. (D) We use the "ΔΔCt" method as a sensitive and reproducible means to detect fold-change RNA differences between experimental groups and sham controls. In addition, we perform a melt curve at the conclusion of PCR assays to confirm that the desired amplicons are detected (i.e., a single peak curve), which indicates the absence of any double stranded DNA including primer dimers, contaminating DNA and misannealed PCR product (which would appear as multiple peak curves). 
Discussion
SD is a paroxysmal perturbation of brain whose characteristics are highly conserved in all species and brain regions examined to date. SD is commonly studied in neocortex. Yet, the neural circuit complexities of this structure (compared to hippocampus), as well as the inability to keep neocortex alive in vitro with quiescent immune functions for protracted periods, make it less useful as an in vitro preparation for defining the long-term consequences of SD susceptibility. In contrast, hippocampus is not only the brain structure that is most sensitive to SD, it is also an archicortical structure with a more simplified neural circuit structure and function, which is well suited for defining the neuroimmune means by which neural activity can modulate SD susceptibility.
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